Objective: To describe a new, comprehensive process model of clinical information interaction in primary care (Clinical Information Interaction Model, or CIIM) based on a systematic synthesis of published research. Materials and Methods: We used the "best fit" framework synthesis approach. Searches were performed in PubMed, Embase, the Cumulative Index to Nursing and Allied Health Literature (CINAHL), PsycINFO, Library and Information Science Abstracts, Library, Information Science and Technology Abstracts, and Engineering Village. Two authors reviewed articles according to inclusion and exclusion criteria. Data abstraction and content analysis of 443 published papers were used to create a model in which every element was supported by empirical research. Results: The CIIM documents how primary care clinicians interact with information as they make point-of-care clinical decisions. The model highlights 3 major process components: (1) context, (2) activity (usual and contingent), and (3) influence. Usual activities include information processing, source-user interaction, information evaluation, selection of information, information use, clinical reasoning, and clinical decisions. Clinician characteristics, patient behaviors, and other professionals influence the process. Discussion: The CIIM depicts the complete process of information interaction, enabling a grasp of relationships previously difficult to discern. The CIIM suggests potentially helpful functionality for clinical decision support systems (CDSSs) to support primary care, including a greater focus on information processing and use. The CIIM also documents the role of influence in clinical information interaction; influencers may affect the success of CDSS implementations. Conclusion: The CIIM offers a new framework for achieving CDSS workflow integration and new directions for CDSS design that can support the work of diverse primary care clinicians.
Search strategy and inclusion criteria
We performed searches in PubMed, Embase, the Cumulative Index to Nursing and Allied Health Literature (CINAHL), PsycINFO, Library, Information Science, and Technology Abstracts, Library and Information Science Abstracts, Library Literature, and Engineering Village. Searches included articles published between 1980 (when personal computers became widely available) and June 2015. Theoretical literature searches used strategies contained in the Behavior of Interest, Health context, Exclusions, and Models or Theories (BeHEMoTh) framework, 38 while empirical-only searches used the companion strategy, Sample, Phenomenon of Interest, Design, Evaluation, and Research (SPIDER). 38 Both incorporated terms concerning information interaction and primary care providers (eg, PCPs, NPs, and PAs) or primary care settings (see Supplementary Appendix 1). For our purposes, primary care was defined as care that is the first health care contact and is continuous, comprehensive, and coordinated 13 ; despite differences in practice from country to country, we included care labeled as "primary care" from any country if it conformed to this broad definition. Two authors (CS, TV) independently screened the titles and abstracts of retrieved articles for concordance with inclusion and exclusion criteria (see Supplementary Appendix 2) using Covidence software. 41 Any areas of disagreement were identified via Covidence and discussed, and agreement regarding inclusion or exclusion was reached.
Data abstraction and content analysis
The two authors developed a set of concepts 42 through content analysis, reviewing each BeHEMoTh article to extract concepts representing documented parts of the clinical information interaction process and factors influencing it. The 2 authors each reviewed the full set of BeHEMoTh articles independently and then discussed the resulting codes, including any areas of disagreement. If they did not already exist, the 2 authors gave these concepts new labels and compared and contrasted them to identify potential areas of overlap; this facilitated the combination and/or deletion of categories to create discrete, non-overlapping model elements. The 2 authors then developed a codebook based on these concepts (see Supplementary Appendix 3); the final codebook reflects consensus between them. Using EndNote TM citation management software, the 2 authors then deductively assigned codes to each BeHEMoTh article based on whether it showed that the concept was part of or influenced the process; each author completed approximately half of the coding. Using a cross-case, time-ordered display, 43 the 2 authors plotted the process described by concepts and relationships contained in each article, iteratively identifying their place in the overall information interaction. These analyses produced an initial model based on published models and theory, including empirical studies that developed Create iniƟal process model theories/models, such as qualitative grounded theory studies and regression models. The 2 authors updated the model based on SPIDER searches for empirical literature that did not use explicit theories or models. They then deductively assigned codes to each article based on whether it showed that the concept influenced or was part of the process; this collaborative process involved independent coding of the complete set of articles with regular checkpoints to discuss and resolve any disagreements concerning the codes and their application. Simultaneously, the 2 authors constantly compared 44 the literature to the codes and initial model to refine them and identify new concepts. They systematically documented the empirical support for every concept (see Supplementary Appendix 4) and edited the crosscase, time-ordered display 43 as articles were incorporated. All model components are based on at least one empirical study ( Figure 4 ). They also documented whether each major component was supported by empirical research in relation to PCPs, NPs, and PAs to develop a model applicable to each clinician type (see Supplementary Appendix 5). We considered creating separate models for each type, but found this unnecessary; all components were supported by research conducted with both PCPs and NPs. Though there was less research on PAs, no available findings conflicted with the model in Figure 4 (Supplementary Appendix 5).
RESULTS

Search results
The BeHEMoTh search generated 2335 unique citations (see Figure  2 ). Additionally, citations from 5 systematic reviews identified in the searches were reviewed 45-49 for additional citations (n ¼ 25). A total of 386 papers were retrieved. As Figure 2 shows, 243 satisfied the inclusion criteria. The empirical articles in this set primarily originated from the United States (68, 28%), Britain (34, 14%), Australia and New Zealand (12, 5%), and Canada (10, 4%). The SPIDER search generated 6315 unique citations (see Figure 3 ). Additionally, citations from 5 systematic reviews were reviewed 45-49 to identify non-theoretical citations (n ¼ 30). A total of 394 papers were retrieved. As Figure 2 shows, 220 satisfied the inclusion criteria. These articles primarily originated from the United States (113, 51%), Britain (37, 17%), Canada (17, 8%), the Netherlands (11, 5%), Scandinavian countries (8, 4%), and Australia and New Zealand (5, 2%).
Comprehensive model of clinical information interaction in primary care
The comprehensive model of clinical information interaction in primary care, abbreviated as the Clinical Information Interaction Model (CIIM), has 3 main parts: (1) context, (2) activity (usual and contingent), and (3) influences (see Figure 3 for an overview and Figure 4 for a detailed view). For parts 1 and 2, shaded boxes are usual parts of the context and process; white boxes represent contingent components (ie, ones that take place under only certain circumstances). Solid lines with arrows represent activity sequences; dashed lines represent contingent processes. Boxes are numbered sequentially to facilitate explanation. For part 3, dotted lines represent relationships of influence on activities, and line numbers link relationships to sources of influence. The descriptions below refer to details contained in Figure 4 . Information tasks. Information tasks, subparts of the workflow, 63 include reviewing documentation, taking histories, examining patients, documenting patient data, placing orders, and printing documents. They may be interspersed with other tasks during patient visits. 64 As part of the overall context, information tasks determine the information sources used and the information processing activities that take place.
Information sources. Information tasks rely upon available sources, including documents, people, and systems that provide information. 65 Clinicians most frequently access information directly from patients, particularly during examinations and while taking histories. Patients are often the sole source of pertinent information such as psychosocial histories. [66] [67] [68] The patient box is shaded, since this is a usual source of information. In primary care settings that have adopted EHRs, the EHR is an information source of great importance, and EHRs are among the most frequently used sources. Clinicians use EHRs to review and record information about patients, including problem lists, current therapies, test results, and patient assessments. 69 The EHR box is also shaded, since this is a usual source of information. As needed, professional colleagues are consulted about general medical knowledge and care of specific patients. 32, 49, 50, [70] [71] [72] [73] [74] [75] [76] [77] This box is unshaded, as they are typically consulted in response to a specific need or circumstance. In some cases, clinicians access quick-reference sources such as drug handbooks.
32,49,50,74,76,78 These sources, often integrated into EHRs, are arranged to support fast information retrieval; this may favor their use in time-pressured settings. [79] [80] [81] This box is unshaded for the same reasons as above. Evidence summaries synthesize multiple studies, using transparent methods to arrive at relevant conclusions. These include published sources such as DynaMed as well as clinical practice guidelines. 82 They are used less often than each of the aforementioned sources, and typically as needed, and thus this box is unshaded.
Part 2. Activity: Usual activity
Usual activities are those that are described in the literature as happening in most situations; these are not contingent upon special circumstances to occur. These activities are part of a process or series of actions taken toward a given purpose.
Information processing (Box 1). Information processing is a cognitive activity involving computations or operations on mental representations. 83, 84 Processing involves perceiving information in the environment and integrating it with human memory. 84 It draws upon perception, attention, and memory 85 and is facilitated by cognitive structures called "schemata," which are used as "slots" where new information is "inserted." 85 Schemata concern people, events, and roles Source-user interaction (Box 2). Source-user interactions are products of information sources and user behavior, potentially including information-seeking behavior (Box D). Source-user interactions feed into information processing (Box 1), and vice versa. Workflow integration, or the fit between users' activities and system design, affects primary care clinicians. 89 It has been defined in a clinical context as the "[a]ppropriate sequence of screens, context, type and timing . . . by clinical task." 90 A key aspect relates to time spent completing tasks when using a technology. 73, 78, [91] [92] [93] [94] Task interruption is another vital aspect; CDSSs that "push" information to clinicians and require a response are more interruptive. 90 System usability is a system's capacity "to allow users to carry out their tasks safely, effectively, efficiently, and enjoyably." 95 EHR and CDSS usability is a significant focus of existing research 96, 97 that has prompted efforts to develop design principles for clinical informatics 90 ; new CDSSs increasingly incorporate user-centered design methods and usability evaluations into their development (eg, [98] [99] [100] [101] ). Information design concerns "defining, planning and shaping . . . the contents of a message . . . with the intention of achieving particular objectives." 102 Clinicians desire comprehensible and visible content, synthesis of multiple pieces of information, recommendations and other content oriented toward action, provision of rationales, prioritization of messages, and personalization for particular patients. 94, 100, [103] [104] [105] [106] [107] [108] [109] [110] [111] Customizability -the ability to modify technology according to user requirements -allows for smoother integration into an environment. For example, clinicians appreciate the ability to modify drug alert thresholds.
105,112
Information evaluation (Box 3). Information processed through source-user interaction is typically evaluated: judgments are made about its worth according to specific criteria. Clinicians evaluate information according to its usefulness, or whether it can be readily acted upon, 75, [113] [114] [115] [116] [117] [118] Assessment involves using information to evaluate or estimate the nature or quality of a clinical issue. Assessments might be thought of as "intermediate constructs" generated to "partition problems" and draw conclusions. 85 153, 154 and (7) equipoise, or whether more than one legitimate choice exists. 57 Clinicians also assess risk in relation to negative outcomes, such as falling or disease progression. 83, 141, 150, [155] [156] [157] [158] [159] [160] [161] [162] [163] [164] [165] Clinical reasoning (Box 6). Clinical reasoning is a "context-dependent way of thinking and decision making in professional practice to guide practice actions. It involves the construction of narratives to make sense of the multiple factors and interests." 166 Reasoning has 2 main types, intuitive and analytical.
Intuitive approach. The intuitive approach is effective in routine situations 167 and often used by clinicians with significant expertise. 168, 169 It is "fast reflexive, and requiring minimal cognitive Matching approaches to cases. Clinicians can move between intuition and analysis, or adopt both. They match their reasoning approach to the patient case based on its cognitive demands. 85, 143, 167, 174, 179 For diagnostic decisions, complexity and uncertainty determine recognition speed; quickly recognized cases are more likely to be handled intuitively.
85,173,179
Clinical decision (Box 7). Clinical decisions follow clinical reasoning. In primary care, decisions may be made or deferred during a patient visit. 180 Decisions may occur on a onetime basis or be part of an ongoing process, revisited and potentially revised.
181,182
Contingent activity Contingent activities are those that, according to the literature, take place only under specific circumstances.
Perceived case characteristics (Box A).
Through information processing, clinicians may perceive specific case characteristics, attributes of patients and/or situations that determine how cases are handled; these characteristics are not always present. Case complexity concerns situations that are difficult to understand or address. Uncertainty refers to doubt, ambiguity, or indeterminacy; it may emerge from the probability of future events, the strength of the scientific evidence, missing or unusable information, or gaps in knowledge. 183 32, 74, 195, 196 Information needs have been classified by the type of information needed. 193 Clinicians indicate a need for general medical knowledgebased information, 77, 156, 191, 193, 197 including "causal models and general procedures accepted throughout" a discipline, 198 often found in academic sources such as journals. Another form, epidemiological information, includes aggregate population data, 199 such as recent patterns of illness or local antibiotic resistance. 200 Another need is for logistic information or local knowledge about getting things done. 77 Also needed is patient-specific information, both formal and codified (as in EHRs or databases) and informal and uncodified (such as information from patients).
198
Decision to seek information (Box C). The decision to seek information first requires recognizing an information need. However, answers are not pursued for 15%-78% of questions generated during primary care encounters. 45 In making decisions to not seek information, clinicians may employ strategies of deferral, referral or "making do," 48 returning them to the general process of information processing. Specific determinants of information-seeking increase or decrease the likelihood of information-seeking (Box D). Situational determinants that reduce the likelihood include time pressure 1, 72, 73, 78, 93, 109, 201 and lower perceived urgency and/or importance.
32, 78, 93, 104, 195, 201, 202 Information-seeking behavior (Box D). Information-seeking behavior is contingent upon a decision to seek information. Source selection is an early step 79 that can recur when using more than one source. 203 Clinicians use selection criteria to choose sources. 204 They choose sources due to the perception of fit between question and source, 94, 203 and source characteristics. Pertinent characteristics include perceived benefits such as credibility, 71, 123, [205] [206] [207] [208] comprehensiveness, 94, 205 and currency 75, 94, 109, 205 ; perceived access costs such as convenience 50, 71, 75, 94, 123, [208] [209] [210] and applicability 50, 94, 123, 205, 206 ; and perceived efficiency of use. 94, 203, 205, 207, 208, 210 The number of sources selected increases with the complexity of the question, 76, 207 while the specific order of selection may be habitual or deliberate. 94, 203 Clinicians may use simple search strategies and tactics such as limits or controlled vocabulary terms 94, 211 at the point of care, and end the search due to perceived answer sufficiency 94, 207 or frustration leading to search abandonment. 93, 94 Each strategy and tactic is implemented through interaction with sources.
Shared decision making (Box E). Shared decision making (SDM)
is advocated for screening, treatment, or management decisions that clinicians assess to be characterized by equipoise; it is therefore triggered by this special clinical circumstance. 57 In SDM, patients are given information about options 212 and encouraged to clarify their preferences. 154, 184, [212] [213] [214] [215] Contributing to analytical reasoning, patients are encouraged to consider "likely benefits and harms of each so that they can . . . help select the best course of action." 216 SDM may involve negotiation between clinicians and patients. [217] [218] [219] [220] SDM is followed by a decision.
Verification (Box F). Verification involves establishing the accuracy of decisions; this may, in turn, affect the decision. This step may occur without intervention (eg, 221 ), but prompting it is a major focus of CDSS error prevention, such as drug safety alerts when ordering prescriptions (eg, 222 ).
Part 3: Influence
Influence of clinician characteristics (Box I). We define clinician characteristics as attributes of the primary care provider that are brought to clinical information interactions and that alter or control the process. Clinical knowledge, contained in memory, includes 3 main types. Explicit knowledge (ie, "knowing that") is declarative, such as knowing that a specific medication is appropriate for a given circumstance. 167, 200 Implicit knowledge (ie, "knowing how") is procedural knowledge related to accomplishing actions, such as referring patients to specialists. 167, 223 Personal knowledge ("knowing who") refers to "working knowledge" of patients, 224 including recollections about patients expressed as interlinked details held together in narratives. 225 Prior knowledge influences perceptions of case complexity and uncertainty (Line 1). Clinical knowledge is used in information processing (Box 6) through schemata (Line 2); here we represent the fact that clinician knowledge has been accumulated prior to the information interaction and is brought to bear upon it. Knowledge gaps lead to information needs (Line 3). Greater knowledge of sources 201 is associated with greater likelihood of question pursuit (Line 4) and PCPs' source selections (Line 6). 114, 205, 206 Furthermore, beliefs that answers exist, 32, 195, 201, 202 that sources are adequate for answers, 75, 94, 193, 201, 207, 210 and that answers are generalizable to other patients 32 increase the likelihood of information-seeking (Line 4). Technical skills affect information-seeking behavior (Line 5) and the ability to use sources (Line 5). Relevant skills include typing proficiency, 226 ability to interpret statistical information, 109 understanding of specific features, 226 and searching skills. 79, 94, 109, 227 Social influence (Box II). Social influence is a process whereby "a person's attitudes, opinions, beliefs, or behavior are altered or controlled by . . . social communication."
228
Patient-related social influence. Information strategically provided by patients at their own initiative may deliberately influence information processing by highlighting details upon which clinicians (Line 7). 229 Patients affect decisions to seek information via requests (Line 8). 32 Information provided by patients about preferences is also deliberately included in SDM (Line 9 Professional influence. Colleagues such as other PCPs often influence decisions (Line 11), [241] [242] [243] as do specialists. 241, [243] [244] [245] [246] One mechanism for this is through the use of norms regarding how to manage patients. 242 
DISCUSSION
This study introduces the CIIM, an empirically grounded process model of information interaction in primary care. The CIIM differs from prior conceptual literature in that it is empirically grounded and permits a view of the complete process of information interaction. Previous models contained less systematic documentation of their empirical basis and reflected only subparts of the process (eg, information needs, 193 search strategies, 247 source-user interactions, 90 or treatment decision-making 124 ). Additionally, the model reflects research on the 3 main types of primary care clinicians, while prior models pertained only to PCPs. The synthesis provided by the CIIM can aid CDSS designers and implementers in identifying points in the process where a system is intended to intervene; such analyses may support workflow integration.
Prior to the CIIM, understanding of clinical information interaction was fragmented across multiple literatures with divergent foci. Health informatics research is typically interventional, focusing on "push" approaches, such as alerts. Information science literature typically encompasses observational studies of efforts to "pull" information (information-seeking) and access to information sources (eg, 76, 119, 248 ). Literature on clinical reasoning and decision-making typically omits consideration of information interaction. 249, 250 The integrative nature of the CIIM enables a quick grasp of relationships previously difficult to discern due to links to disparate disciplines. For example, the CIIM shows that perceived case characteristics precede both perception of information needs and type of reasoning used; these relationships were previously obscured. The CIIM suggests potentially helpful functionality for CDSSs to support primary care. While many existing CDSSs focus on prompting and supporting verification through alerts and providing sources in context (eg, 204, 251 ), other parts of the process have received less attention. For example, information processing and evaluation are parts of the CIIM, but few interventions have supported them (see Supplementary Appendix 4). Following Trafton et al., 252 an increasing design focus on "organization, prioritization, and highlighting of information" may be promising. Furthermore, building on CDSSs focused on supporting risk assessment, [253] [254] [255] [256] the CIIM suggests greater support for information use through a wider range of assessments, such as probability of disease and potential benefit/efficacy of treatments. The CIIM documents the role of influence in clinical information interaction, an important contribution, because influencers may affect the success of CDSS implementation. CDSSs that do not consider the patient-related influence may fail to anticipate issues affecting CDSS acceptance by clinicians. This highlights potential CDSS design strategies, such as incorporating information about specialist physician opinions (eg, 257 ) or attempting to influence clinicians' beliefs about the availability of information.
This study has limitations. Despite efforts to include studies on PAs, few were located (Supplementary Appendix 5). Additional research on this group may lead to model refinements. The aims of model development were not to explicitly elicit and characterize differences between primary care providers; future work might profitably focus on contrasts between provider types. Furthermore, the best-fit framework synthesis approach incorporates no assessment of study quality or strength of evidence for each component. Consequently, the included studies may vary in quality, and the number of supporting studies for each component may differ. To evaluate the evidence supporting the model components, we recommend consulting Supplementary Appendix 4. Furthermore, the model is constrained by the published literature itself; the CIIM will therefore exclude any part of the information interaction process that has not been described in the literature. For example, the potential role of patients' family members as information sources is underrepresented in the literature. The model is also based primarily upon research conducted in English-speaking countries. The CIIM also does not reflect new information interactions that may emerge as novel information sources and tools become available to primary care clinicians in the coming years, such as data mining, mobile sensing, and social media-based tools.
CONCLUSION
This paper introduced the CIIM, constructed systematically based on extant literature. The model highlights 3 major components of information interaction: (1) context, (2) activity (usual and contingent), and (3) influence. The CIIM offers CDSS implementation a framework for achieving workflow integration and directions for designs supporting information interactions of diverse primary care clinicians. 
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